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1
METHOD FOR DETERMINING
CHARACTERISTICS OF AN AUTOMATIC
TRANSMISSION

This application claims priority from German patent appli-
cation serial no. 10 2011 017 516.4 filed Apr. 26, 2011.

FIELD OF THE INVENTION

The invention relates to a method for determining charac-
teristics of an electrohydraulically controlled automatic
transmission.

BACKGROUND OF THE INVENTION

For representing the transmission ratios, automatic trans-
missions for motor vehicles comprise several shift elements,
which can, for example, transfer torque with hydraulic pres-
sure. With an amount of the pressure, which is also known as
the clutch pressure, the halves of the shift elements are
pressed against each other with an increasing force if the shift
element is disengaged in a pressureless state. Due to this, the
torque that can be transferred by the frictionally engaging
shift element increases, or the shift element transitions from a
disengaged state into the state of torque transfer subject to
slip, that is, with dynamic friction. The capability to transfer
torque is designated in the following as the transfer capability.
An increasing transfer capability is therefore understood to be
an increase of the torque that can be transferred by the shift
element. If the pressure acting on the shift element increases
further, the dynamic frictional torque increases and with it the
transferable torque.

This applies analogously to shift elements which are actu-
ated by a different acting energy, for instance, frictionally
engaging shift elements that are engaged electromechani-
cally.

This is also the case with frictionally engaging shift ele-
ments that are engaged without pressure, for instance using
the effects of spring force. When the frictionally engaging
shift element is disengaged due to pressure, this pressure is
reduced for engaging the shift element, and then starting from
a specific pressure, the spring force moves the halves of the
shift element against each other. The transfer capability starts
analogously to the case of a shift element that is disengaged
when not under pressure.

Automatic transmissions typically comprise a hydrody-
namic startup element, for instance a hydrodynamic torque
converter that is disposed between the drive motor and a
transmission. The torque converter, in addition to a smooth
startup procedure, advantageously creates an increased
torque during startup of the motor vehicle. A hydrodynamic
clutch that exclusively guarantees a smooth startup procedure
is used less often in a motor vehicle. Both hydrodynamic
startup elements comprise a drive-side pump impeller that is
connected in a rotationally fixed manner to the drive motor,
and an output-side turbine rotor that is a coupled in a rota-
tionally fixed manner to a transmission input shaft, for
example. The driven pump impeller transfers momentum to
an operating medium, generally oil, which is further trans-
ferred to the output-side turbine rotor. Common to both star-
tup elements is the slip, or the speed difference between the
pump impeller and the turbine rotor, which cannot be coupled
together in a rotationally fixed manner, because torque trans-
fer occurs exclusively by means of a hydrodynamic momen-
tum exchange. During the startup procedure, in which a drive
motor rotating at a specific rotational speed, is to be coupled
via a stationary transmission, or drive train, to the wheels of
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the vehicle, without torque impulses to the greatest extent
possible, the slip is necessary to perform the coupling func-
tion. After the startup procedure, however, slip is undesirable
because this represents an undesired loss of power, and dis-
advantageously lowers the efficiency of the drive. For this
reason, a clutch element, which is also designated as a con-
verter lock-up clutch, is disposed between the pump impeller
and the turbine wheel. By engaging the converter lock-up
clutch, it is possible to connect the pump impeller and the
turbine rotor together in a rotationally fixed manner, and thus
to increase the efficiency of the drive train.

To guarantee a steady increase of the transtfer capability of
a frictionally engaging shift element, the respective pressures
are increased in a defined ramp-like progression. The pres-
sure is set using an electronic transmission control unit (EGS)
that issues an electrical current as a control variable, and
thereby controls an electrohydraulic gearshift device (HSG),
which thereupon sets a specific pressure, depending on the
value of the current, by means of an electrical pressure regu-
lator (EDS). It should be noted that the current-pressure cor-
relation can be different for each pressure regulator due to the
manufacturing tolerances of the pressure regulator.

In order to be able to reproducibly set the desired pressure
ramp it is necessary to have precise knowledge of the corre-
lation of current which controls the EDS, and pressure gen-
erated by the EDS.

The value of the current required for generating a specific
clutch pressure can be determined from a table stored in the
EGS, or calculated from the desired clutch pressure using a
mathematical function. The mathematical function is a poly-
nomial, for example. Specific characteristic values, known
also as compensation data, must be known in order to define
the polynomial, or the table; for example, a fill current is
issued by the EGS, and supplied to the electrical pressure
regulator in the hydraulic gearshift device, which then gen-
erates a fill pressure in the hydraulic system or in the shift
elements. The fill pressure is attained specifically when the
shift element, for example a hydraulic clutch or brake, is filled
to the extent that a specific pressure has built up, and the
friction surfaces of the shift element have approached each
other to the extent that there is dynamic friction between
them, and thus torque begins to transfer.

The fill pressure, which can differ for each shift element
within an automatic transmission depending on the geometric
shape, is therefore assigned a specific value of the fill current.
In this context, the experimentally determined fill pressure is
identical for all shift elements of the same shape, even if these
elements are disposed in different transmissions of the same
type.

Transmission concepts are known that have a mechatronic.
A mechatronic is a permanently installed assembly that sub-
stantially comprises an HSG and an EGS. It is possible to
compensate for tolerances in the current-pressure correlation
of'the electrical pressure regulators, for example, by means of
compensation data handling, and thereby to be able to use
inexpensive pressure regulators for high shift quality of new
vehicles.

In contrast, in the case of separate HSG and EGS compo-
nents, such compensation data handling is not possible in the
event of a subsequent exchange of one or both components in
the field.

A method for determining characteristic values of an auto-
matic transmission is known from the document
DE19643305 Al. For this, an automatic transmission on a
final test bench is shifted into the individual transmission ratio
steps, where an input and output transmission speed, as well
as an input and output transmission torque are measured.
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Characteristic values of the automatic transmission such as
fill time, fill pressure, reaction time or friction value of the
disks are determined from these measured values for the
clutch to be engaged during shifting. These characteristic
values are then stored in a memory so that an electronic
transmission control device corrects the pressure level and the
time of a rapid filling pressure, fill pressure and the pressure
level of a shift pressure based on these characteristic values.
Using this method, the fill pressure, for example, is deter-
mined in that, with the automatic transmission powered, the
pressure level in the respective shift element is increased until
the output torque exceeds a defined limit value.

A disadvantage here is that torque measurement requires
expensive measurement equipment and sensors. In addition,
such measurement can only occur on a test bench using a
transmission that has been removed from the vehicle, whichis
not service-friendly, and is expensive with respect to the
installation effort and costs for an application in the field or
service sector.

SUMMARY OF THE INVENTION

The problem addressed by the invention is to specify a
method for determining with minimum effort the character-
istic values of an automatic transmission, in particular, the fill
current value of a frictionally engaging converter lock-up
clutch, and with it the compensation data between the con-
verter lock-up clutch and the components that control it. In
particular, the method should make it possible to determine
the compensation data in the case of exchanging one or both
components, without having to remove the automatic trans-
mission from the vehicle.

A method is specified for determining characteristic values
of a frictionally engaging converter lock-up clutch of an auto-
matic transmission. The automatic transmission comprises at
least one transmission shift element for representing a trans-
mission ratio step. At least one transmission shift element is
designed to be frictionally engaging, further transmission
shift elements can be designed to be frictionally engaging
and/or form-locking. Beyond that, the automatic transmis-
sion comprises an output shaft and a hydrodynamic startup
element, for instance a torque converter or a hydrodynamic
clutch. The hydrodynamic startup element comprises a pump
impeller connected in a rotationally fixed mannerto a drive
motor, and a turbine rotor, where the pump impeller rotates at
an engine speed and the turbine rotor rotates at a turbine
speed, where a speed ratio that changes with the operating
state, exists between the turbine speed and the engine speed.
The converter lock-up clutch (WK) is disposed between the
pump impeller and the turbine rotor. By means of this clutch,
the pump impeller and the turbine rotor can be coupled
together either in a rotationally fixed manner or subject to slip
depending on the transfer capability of the converter lock-up
clutch. The transfer capability of the converter lock-up clutch
can be changed by controlling a gearshift device by means of
an electrical control current. For the converter lock-up clutch
there exists a fill current value of the control current at which
the converter lock-up clutch starting from a disengaged state,
transitions into a state of torque transfer subject to slip, or at
which the converter lock-up clutch transitions from an
engaged state into a state of torque transfer subject to slip.
Here, using the method according to the invention in a control
sequence, with the output shaft stationary, the speed ratio is
influenced by a change of the control current. The fill current
value is determined from the progression of the speed ratio
resulting during the control sequence in conjunction with the
progression of the control current. The output shaft of the
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automatic transmission can be set to stationary, for example,
by blocking the drive wheels using a parking brake or another
suitable means.

Due to the change of the transfer capability of the friction-
ally engaging converter lock-up clutch, the turbine speed
changes whilst the engine speed is constant during the control
sequence. Thus, it would be theoretically possible to deter-
mine the fill current value only from the progression of the
turbine speed. However, if during the control sequence the
engine speed fluctuates, the turbine speed changes as well,
even if it is not yet influenced by the change of the transfer
capability of the converter lock-up clutch. Thus, capturing
only the turbine speed for the purpose of determining the fill
current value can lead to erroneous interpretations.

However, if the speed ratio is used as an indicator of the
change of the transfer capability of the frictionally engaging
shift element, this does not change merely with fluctuations of
the engine speed. But with the described test set up during a
change of the transfer capability of the frictionally engaging
shift element, a deviation results between the engine speed
and turbine speed, and therefore also a change in the speed
ratio. Thus, erroneous interpretations due to the speed fluc-
tuations are advantageously excluded from the determination
of the fill current value. A further advantage of the method
according to the invention, is that it is possible to determine
the fill current value based on the speed ratio, in a simple
measurement setup because only the speed of the engine and
turbine need to be captured by measurement in the automatic
transmission. The appropriate speed sensors are already dis-
posed in the automatic transmission such that no additional
expense for sensors or the installation thereof is required.

However, the control variable does not have to be limited
exclusively to the electric control current, but rather in theory
can be any physical variable that can influence the transfer
capability of a frictionally engaged shift element. In the case
of'a hydraulically actuated shift element, the control variable
can be an electric current that controls an electrohydraulic
gearshift device, whereby a pressure is set that influences the
transfer capability of the shift element. Another possibility
would be a direct measurement of an actuating pressure of the
shift element, and with this, the determination of a fill pres-
sure from the progression of the speed ratio over the actuating
pressure. Likewise, control of an electromechanical actuator
by means of an electric current in order to actuate a friction-
ally engaging shift element would also be possible. Deter-
mining the characteristic values from the progression of the
speed ratio calculated from the engine speed and transmission
input speed, has the advantage that the speed ratio can be
determined by measuring engine speed and transmission
input speed of an automatic transmission without requiring
the transmission to be removed from the vehicle and operated
on a test bench. If the gearshift device or electronic transmis-
sion control unit, or both components, are exchanged in the
case of damage, this allows new characteristic values to be
determined without expensive testing with the transmission
removed and placed on a test bench, although the method can
also be performed there.

In one embodiment of the method, using at least one fric-
tionally engaging transmission shift element that is disposed
between the turbine rotor and a stationary output shaft, the
turbine rotor and the output shaft are connected together
either in a rotationally fixed manner or subject to slip depend-
ing on the transfer capability set at the frictionally engaging
shift element.

In this context, in an advantageous embodiment, before the
start of the control sequence with a disengaged converter
lock-up clutch, the transfer capability of at least one friction-
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ally engaging transmission shift element is adjusted so that
the turbine rotor is connected subject to slip to the output
shaft, such that a defined starting value of the speed ratio is set
for the control sequence.

If the converter lock-up clutch were disengaged, and if no
frictional engagement were produced between the turbine
rotor and the output shaft due to at least one disengaged
transmission shift element, then a speed ratio of slightly less
than “1” would be set as the starting value for the control
sequence due to the drag losses in the drive train. Because in
the control sequence with the converter lock-up clutch engag-
ing, there is a temporal increase in the progression of the
speed ratio which is necessary for determining the fill current
value, no progression of the speed ratio could be obtained that
can be evaluated in the case of slight difference between the
starting value and the maximally attainable value of the speed
ratio. For this reason, a defined starting value must be set that
lies sufficiently below the maximally attainable speed ratio.

In a further embodiment of the method, with the start of the
control sequence the control current is steadily changed to
steadily increase the transfer capability of the converter lock-
up clutch. As a result, the speed ratio increases starting from
the defined starting value.

An advantageous embodiment of the method shows that a
threshold value between the starting value and a speed ratio of
the value “1” is defined as a criterion for determining the fill
current value. Here, the value of the control current that is set
at the point in time at which in the control sequence the speed
ratio corresponds to the threshold value in passing through the
same, corresponds to the fill current value to be determined.

The criterion of the threshold value has the advantage that
the evaluation is simple because only the measured values at
the same point in time must be compared.

In this context, the speed ratio difference between the start-
ing value of the speed ratio and the threshold value is selected
to be at least sufficiently large that it is greater than the
fluctuations, occurring due to tolerances, of the starting value
of the speed ratio that is set constant before the control
sequence.

This avoids mistakenly interpreting system-dependent
fluctuations of the speed ratio, caused by fluctuations of the
measured speed of the drive shaft and transmission input
shaft, as a change of the speed ratio as a consequence of the
transfer capability of the shift element starting.

Alternatively it is possible that the control current for
increasing the transfer capability of the converter lock-up
clutch is changed so that the speed ratio is increased starting
from a starting value, and the resulting progression is divided
into two sections. Here, a first section with a constant pro-
gression of the speed ratio at the value of the starting value is
described or approximated by a first straight line, and a sec-
ond section, increasing over time, temporally adjacent to the
first section, is described or approximated by a second
straight line. An intersection point of the two straight lines is
calculated, where the coordinates thereof specify the starting
value of the speed ratio and the fill current value to be deter-
mined. As a result, the point in time, or the control current
value at which the speed ratio changes in the control
sequence, can be objectively determined.

In a further embodiment of the method it is possible that
during the control sequence the turbine rotor is connected in
arotationally fixed manner to the output shaft by means of the
engaged transmission shift elements required for this pur-
pose.

In this context, the control current is changed until the
transfer capability of the converter lock-up clutch has
increased so far that the engine torque or a corresponding

10

15

20

25

30

35

40

45

50

55

60

65

6

parameter changes. Such a parameter could be, for example,
the quantity of fuel injected, which increases with engine
loading. Similarly, the engine speed could be used, because it
is reduced with loading. As soon as the change of the param-
eter is significant, the converter lock-up clutch is disengaged
again in order to avoid stalling the engine.

Itis possible that the control sequence lasts at least until the
speed ratio attains a value of “1”. Therefore, a progression of
the speed ratio of the sufficient length and quantity of mea-
sured data is reliably obtained that can be evaluated under all
criteria.

In an advantageous alternative, the control sequence is
stopped as soon as the data is known for determining the fill
current value. This offers the advantage of time-saving in
determining the fill current value, particularly for an auto-
matic transmission having multiple frictionally engaging
shift elements for each of which an individual fill current
value is be determined.

In an advantageous embodiment of the method it is pos-
sible to determine the fill current value of the converter lock-
up clutch in a vehicle with an installed automatic transmis-
sion. As a result, the costly removal of the transmission from
the vehicle and setup on the test bench are omitted. Further-
more, the output shaft can be set stationary simply by block-
ing the drive wheels using a parking brake or another suitable
means.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the method according to the
invention are represented in the figures and are described in
more detail in the following.

They show:

FIG. 1 a schematic representation of an automatic trans-
mission,

FIG. 2 a schematic representation of an automatic trans-
mission with the shift elements to be controlled,

FIG. 3 a temporal progression of the transmission values
during a control sequence for the converter lock-up clutch,

FIG. 4 a progression of the speed ratio versus a control
current for a converter lock-up clutch, and

FIG. 5 a temporal progression of the transmission values
during a control sequence of the converter lock-up clutch for
a further variant of the method.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an automatic transmission 1 which is driven,
via a drive shaft 3, by a drive motor 2, preferably an internal
combustion engine. In this case, the drive shaft 3 is connected
in a rotationally fixed manner to the drive motor 2 and to a
pump impeller 5 of a hydrodynamic torque converter 4. Thus,
the speed of the pump impeller 5 equals the engine speed
n_M. Using a hydrodynamic momentum exchange, the pump
impeller 5 can drive a turbine rotor 6 likewise encompassed
by the hydrodynamic torque converter 4. Due to the hydro-
dynamically effective connection, a speed difference, also
designated as slip, develops between the pump impeller 5 or
the drive motor 2, and the turbine rotor 6. The value of the slip
is described by a speed ratio v which is calculated as a ratio of
aturbine speed n_T, which is also the speed of a transmission
input shaft 8 connected in a rotationally fixed manner to the
turbine rotor 6, and the speed of the pump impeller 5, which
corresponds to the engine speed n_M, calculated as (v=n_T/
n_M), and cannot exceed a value of v=1. As an alternative to
the torque converter 4, preferably implemented as a Trilok
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converter, a different hydrodynamic drive element, for
instance a hydrodynamic clutch, can be disposed between the
drive motor 2 and the transmission input shaft. The turbine
speed n_T and the engine speed n_M are measured respec-
tively by a speed sensor 15 or 16, and captured in an electronic
transmission control unit 20. A converter lock-up clutch WK,
which is preferably designed as a frictionally engaging shift
element, is disposed between the pump impeller 5 and the
turbine rotor 6. If this element is completely engaged due to
hydraulic pressure, then the pump impeller 5 and turbine rotor
6 are connected in a rotationally fixed manner and without
slip, and the speed ratio v of assumes a value of v=1.

Three shift elements A, F and E, among others, are dis-
posed between the turbine rotor 6 and an output shaft 14. In
the present example, both shift elements A and F are designed
as claw clutches, but can also be designed as friction clutches.
The shift element E is implemented as a frictionally engaging
shift element. The turbine rotor 6 can be coupled in a rota-
tionally fixed manner to the output shaft 14 using the shift
elements A, F and E of the automatic transmission 1. In the
representation shown, all three shift elements A, F and E are
to be engaged for creating a frictional connection between the
turbine 6 and the output shaft 14, whereby one of several
possible transmission ratio steps of the automatic transmis-
sion is selected. For a different transmission ratio step, a
different combination of shift elements is to be engaged,
which however is not represented. Depending on the trans-
mission ratio step, there is a specific transmission ratio
between the turbine speed n_T and an output speed n_AB.
The hydraulic pressurization with clutch pressure for the shift
elements A, F and E for representing the transmission ratio
step, as well as for the converter lock-up clutch WK, occurs by
means of an oil supply system, of which only a hydraulic
control device 18 is shown. This device comprises control and
shift valves, not represented, which in turn are switched or
pressurized by means of electrical pressure regulators, also
not shown. The amount of clutch pressure set by the electrical
pressure regulators depends on an electrical control current
value with which the electrical pressure regulators, which are
preferably designed as electromagnetic control valves, are
controlled. An electronic transmission control unit 20 sets the
value of the control current that is conducted via an electrical
connection, represented by a dotted line, to the electrohydrau-
lic control device 18. The electrohydraulic control device 18
is connected by means of hydraulic connections, represented
by solid lines, to both the shift elements for the transmission
steps as well as to the converter lock-up clutch WK. Depend-
ing on the control of the different electrical pressure regula-
tors, different combinations of shift elements are controlled
for representing the different transmission ratio steps. Fur-
thermore, during a shift procedure, i.e., a change of the trans-
mission ratio step, the newly added frictionally engaging shift
element(s) are controlled with a pressure that changes over
time. The progression of the pressure is influenced by a con-
trol current that can be changed over time, wherein the func-
tion of the control current over time, preferably an increasing
pressure ramp, is stored in the electronic control device.
Form-locking shift elements are engaged by a simple activa-
tion of the appropriate pressure without a controlled pressure-
time function.

After starting the vehicle from a standstill, a converter
lock-clutch WK is typically engaged by means of the torque
converter 4, in order to connect together in a rotationally fixed
manner the pump impeller 5 and the turbine rotor 6. As a
result, power transfer subject to slip is avoided in the so-called
converter mode, and the efficiency ofthe drive train increases.
The transition from converter mode into the slip-free drive
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mode should occur without torque impulses to the greatest
extent possible, to attain the best driving comfort.

An important variable for guaranteeing a comfortable shift
behavior, that is a shift behavior that is free of torsional
impulses, is the knowledge of a fill pressure p_WK_F, which
is individually determined for each frictionally engaging shift
element. The fill pressure p_WK_F is the pressure from
which the converter lock-up clutch WK starts to be able to
transfer torque, or at which it transitions from a disengaged
state into a state of torque transter subject to slip. The pressure
p_WK_F was experimentally determined in the application.
It depends on the geometry and the spring characteristics of
the respective clutch, and is practically equal for all structur-
ally identical shift elements. If precisely this pressure is set
for a gear change, the pressure buildup and thus the torque
build up occur steadily and free of torsional impulses,
whereby the shift behavior is considered comfortable.

The fill pressure p_ WK_F is set by means of a specific fill
current value i_ EDS_WK_F. A correlation of the fill current
i EDS_WK_F to the fill pressure p_ WK _F is found in a table
that is stored in the EGS. This correlation was determined on
an acceptance test bench during the assembly of the transmis-
sion.

In practice, the electrical pressure regulators have toler-
ances, whereby depending on the electrical pressure regula-
tor, a different clutch pressure p_ WK results at the same value
of the control current i EDS_WK. If a defective electronic
control device, or a defective electrohydraulic gearshift
device, or both components, are now exchanged in the field,
or during service in a workshop, and if the originally deter-
mined fill current is set, a pressure could now be set in the shift
element that does not correspond to the desired value of the
fill pressure. As a result, the quality of the shift behavior
would be negatively impacted.

The method according to the invention now allows for
adapting the components to each other as a learning proce-
dure after an exchange of the components, in that a new fill
current value i_EDS_WK_F is determined which generates
the correct fill pressure p_WK_F of the converter lock-up
clutch WK.

With the method, starting from a defined starting state, a
control sequence is started in which by changing the control
current i_ EDS_WK that controls the respective electrical
pressure regulator, the transfer capability of the converter
lock-up clutch WK, for which a control current value i_ED-
S_WK is to be determined, is influenced.

The control sequence for the learning procedure can be
started only when the following conditions are simulta-
neously satisfied:

The vehicle is parked using the parking brake, or the park-
ing lock, such that the output shaft 14 is stationary, as shown
in FIG. 2, and as a result, the output speed n_AB=0. The oil
temperature and the engine speed n_M must each be within a
respectively acceptable range. The form-locking shift ele-
ments A and F, which together with the frictionally engaging
shift element E represent the respective transmission ratio
step, must be engaged. The frictionally engaging shift ele-
ment E is disengaged. This is shown by the crossed out
symbol (engaged shift element) and the solid symbol (disen-
gaged shift element). In the process, the form-locking shift
elements are to be engaged using a specific synchronizing
function. The converter lock-up clutch WK is disengaged,
which is symbolized by the dotted lines.

Alternatively, it is also possible to remove the automatic
transmission from the vehicle and install it on a test bench,
where the output shaft 14 is kept stationary using suitable
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means. The advantage of this method, however, is that the fill
current value i_ EDS_WK_F can be determined in the
installed state.

FIG. 3 shows the temporal progressions of the relevant
transmission values while performing the method according
to the invention, or during the control sequence. Before the
start of the control sequence for determining a fill current
value i_EDS_WK_F of the converter lock-up clutch, the
starting conditions listed in connection with FIG. 2 must be
satisfied, with respect to fixing the output shaft 14, and that
the oil temperature and the engine speed n_M are in respec-
tively permissible ranges. In addition, both shift elements A
and F must be engaged.

The drive motor 2 drives the pump impeller 5, which, if the
converter lock-up clutch WK is disengaged, drives the turbine
rotor 6 via hydrodynamic momentum exchange. Attime T_0,
the shift elements A and F are engaged, which is indicated by
the shift state ““1”. The shift elements A, F and E are to be
engaged for representing a transmission ratio step. The fric-
tionally engaging shift element E is disengaged, which is
represented by a clutch pressure p_E=0. As a result, there is
no force-locking connection between the turbine rotor 6 and
the blocked output shaft 14. The converter lock-up clutch WK
is disengaged, the pressure p_WK of the converter lock-up
clutch is the value p_ WK=0 bar.

From time T_1, the control sequence is prepared, in that,
with the shift clutches A and F engaged, the clutch pressure
p_E in the frictionally engaging shift element E that at time
T_0 is completely disengaged, is increased so far that at the
torque converter 4 a specific speed ratio v is set as the starting
value v_1, by which the starting state is determined for this
control sequence of the learning procedure. Thus, for
example, the transfer capability of the frictionally engaging
shift element E is increased by this gradual pressurization
thereof to the extent that, as in the example shown, at time
T_2, the speed ratio attains the starting value v_1=0.8. The
clutch pressure p_E in the frictionally engaging shift element
E is held constant after the starting state is attained, whereby
the speed ratio v=0.8 also remains constant.

The control sequence starts at time T_3. The control cur-
rent i_EDS for the converter lock-up clutch WK is increased
steadily over time from time T_3, for example in a linearly
increasing progression. Thus, the pressure p_WK also
increases in the converter lock-up clutch WK.

From time T_4, the clutch disks of the converter lock-up
clutch WK abut, and the torque transfer in the converter
lock-up clutch WK starts. As a result, the turbine rotor 6
accelerates and the speed difference between the pump impel-
ler 5 and the turbine rotor 6 of the torque converter 4
decreases, whereby the speed ratio v increases from the time
T_4, starting from the starting value v_1=0.8.

AttimeT_5, the speed ratio v reaches a threshold value v_0
of'v_0=0.9, for example. In the present example, attaining the
threshold value v_0 is the criterion for attaining the fill pres-
sure p_ WK_F, so that the value of the control current attained
at time T_5 corresponds to the fill current value i_ED-
S_WK_F. The control current i_EDS is further increased in
another progression of the control sequence, up to atime T_6
when a value of the pressure p_WK is attained at which the
frictionally engaging converter lock-up clutch WK engages
and the pump impeller 5 is connected in a rotationally fixed
manner to the turbine rotor 6. Thus, the speed ratio v attains
the value v=1.

The first increase of the speed ratio v starting from the
starting value v_1, as is the case from time T_4, could in
theory serve as a criterion for the start of the transfer capabil-
ity of the converter lock-up clutch WK. However, it would be
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possible to erroneously interpret an increase of the speed ratio
v, for example due to measurement-related fluctuations of the
speed value of the engine speed n_M and/or the turbine speed
n_T. For this reason, a threshold value v_0 is defined which
lies above possible measurement inaccuracies of the speeds.

In the graph shown, the turbine speed n_T could also be
used as a relevant variable for determining the fill current
value i_EDS_WK_F of the converter lock-up clutch WK,
because the engine speed n_M is constant. In practice how-
ever, the control could cause fluctuations of the engine speed
n_M which are transterred to the turbine speed n_T, and could
be erroneously interpreted as the start of the transfer capabil-
ity of the converter lock-up clutch WK. In order to avoid this,
the speed ratio v is used as the relevant variable for determin-
ing the fill current value i EDS_WK_F, because at the start of
the transfer capability of the converter lock-up clutch WK the
speed difference between the pump impeller 5 and the turbine
rotor 6 changes, and with it the speed ratio v.

The temporal progression of the relevant measured vari-
ables are recorded in the electronic transmission control unit
and evaluated. Thus, it is possible for the time at which the
speed ratio v reaches the threshold value v_0 (in this case time
T_5), to determine the value of the control current i_ED-
S_WK set at this point in time, which is the sought-after fill
current value i_ EDS_WK_F.

Another possibility is a direct correlation of control current
i_EDS_WK and speed ratio v in a graph. Thus, the speed ratio
v can be recorded as a function of the control current i ED-
S_WK, and can be evaluated as shown in the following (v=f
(i_EDS_WK)).

FIG. 4 shows a graph of the progression of the speed ratio
v as a function v=f (i_EDS_WK) of the control currenti_ED-
S_WK. The control sequence of the learning procedure of the
converter lock-up clutch WK described in FIG. 3 using a
graph, is prepared as described in that with shift clutches A
and F engaged, the pressure in the frictionally engaging shift
element E that at time T_0 is completely disengaged, is
increased so far that a specific speed ratio v arises at the torque
converter 4, by which the starting value v_1 is determined for
this control sequence. Thus, for example, the transfer capa-
bility of the frictionally engaging shift element E is increased
so far that in a curve section d a starting value of the speed
ratio attains a value v_1=0.8. The pressure in the frictionally
engaging shift element E, after attaining the starting state, is
then held constant, whereby the starting value v_1 of the
speed ratio v_1=0.8 also remains constant. Starting from this
value, the control current i_EDS_WK for controlling the
converter lock-up clutch WK is steadily increased. Before the
start of the torque transfer of the converter lock-of the clutch
WK, the speed ratio v remains constant despite the increase of
the control current i EDS_WK (curve section d). At the start
of'the transfer capability of the converter lock-up clutch WK,
the speed ratio v increases starting from a specific control
current value in a curve section e. When the converter lock-up
clutch WK is completely engaged, the speed ratio v attains a
value of v=1, which corresponds to a curve section f. Before
that, however, the speed ratio exceeds a defined threshold
value v_0, wherein starting from v_1=0.8 for example, a
threshold value of v_0=0.9 is attained. The coordinates of an
intersection point W of the progression of the speed ratio with
the threshold value represented as a line parallel to the control
current axis i EDS_WK, yields the sought after fill current
value i_EDS_WK_F of the converter lock-up clutch WK.

The steady increase of the pressure in the converter lock-up
clutch WK can be stopped at the time when the criterion for
determining the fill current i EDS_WK_F has been attained,
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namely attaining the threshold value v_0. Thus, the necessary
time for the learning procedure can be advantageously limited
to a minimum.

This threshold value v_0 is given, for example, in percent
of the starting value of a maximum speed ratio v_1. Alterna-
tively, a speed ratio difference Av between the starting value
v_1 and the threshold value v_0 can be specified, which is
calculated as A_v=Ilv_0-v_1I. This speed ratio difference is
selected to be large enough so that already minor measure-
ment-related fluctuations of the speed ratio are not errone-
ously interpreted as a complete filling of the converter lock-
up clutch WK, and therefore are not interpreted as the start of
the transfer capability thereof.

Alternatively, the method can also be applied to determine
the fill current value i_ EDS_WK_F of a converter lock-up
clutch WK, which is engaged pressureless, or in which the
force required for engaging is not applied hydraulically but
rather mechanically by means of a spring for example.

FIG. 5 shows an alternative embodiment of the method.
Here, the progression of the speed ratio v does not serve as an
indicator for attaining the fill current value i_ EDS_WK, but
rather the progression of an engine torque M.

Before the control sequence is performed, specific condi-
tions must be satisfied, similarly to the method described in
conjunction with FIGS. 3 and 4. The engine speed n_M and
the oil temperature of the transmission must be located in a
permissible range; at specific values, the form-locking shift
elements A and F are engaged using a specific synchronizing
function. The frictionally engaging shift element E is also
engaged, whereby a gear level is selected, in this case the
fourth gear. The converter lock-up clutch WK is disengaged.
Because the frictional connection in the transmission is pro-
duced by selecting the fourth gear, the turbine rotor 5 is
connected in a rotationally fixed manner to the stationary
output shaft 14, so that the speed ratio v takes on a starting
value of v_1=0.

Starting from these operating conditions at a time T_1, the
control sequence begins. The control current i_ EDS_WK for
the converter lock-up clutch WK is increased steadily,
whereby the converter lock-up clutch pressure p_WK also
increases. From a specific control current value i_EDS_WK,
the converter lock-up clutch WK transitions from a disen-
gaged state into a state of torque transfer subject to slip, which
is shown by a jump of'the engine torque M and/or a drop in the
engine sped n_M. The value of the control current i_ED-
S_WK that is set at the time of the reaction of the measured
variables of the engine—here time T_2—is the sought after
fill current value i_EDS_WK of the converter lock-up clutch
WK. The increase in the quantity of fuel injected, for
example, which can be obtained from an electronic engine
control unit, also serves as an indication for the engine torque
M. In order to avoid stalling, due to braking the engine 2, the
ramp-shaped temporal progression of the control current
i_EDS_WK is reversed from an increasing progression to a
decreasing progression, whereby the converter lock-up clutch
WK is disengaged again. The determined fill current value
i EDS_WK_F is stored.

The advantage of this embodiment of the method is that
software processes for normal operation, for instance, select-
ing the fourth gear by engaging the shift elements A, F and E,
can be used.

It is generally true for all variants of the method that after
the fill currents i_ EDS_WK_F, or i_EKS_WK_F are deter-
mined, they are assigned to the fill pressure p_ WK_F known
from the application for the respective shift element, or with
the knowledge of the fill current, a polynomial is defined, as
shown in the following.
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The polynomial is a third degree polynomial, for example,
with which the current i EDS_WK can be calculated as a
function of the converter lock-up clutch pressure p_ WK. Four
coefficients a_0,a_1, a_2 and a_3 must be known for defining
the polynomial, as shown in equation A:

i_EDS_WK=a_0%p_WK"3+a_1*p_WK?2+

a_2*p WK+a_3 (A)

The coefficients a_0, a_1 and a_2 are known.

With the knowledge of the fill current valuei_EDS_WK_F,
determined using the method according to the invention, or
with the known correlation of the fill current i EDS_WK_F
to the fill pressure p_ WK_F it is possible to calculate the
coefficient a_3. This is substituted into the polynomial, result-
ing in equation B:

i_EDS_WK_F=a_0%p_WK_F3+a_l1*p_WK_F"2+

a 2*p WK F+a 3 (B)

The fill current i_EDS_WK_F, the fill pressure p_ WK_F,
and the coefficients a_0 to a_2 are known, so that the equation
can be solved for the coefficient a_3. The coefficient a_3 is
placed into the equation A, which results in a polynomial
from which the current value required for setting a specific
clutch pressure can be determined.

REFERENCE CHARACTERS

1 automatic transmission

2 drive motor

3 drive shaft

4 hydrodynamic torque converter

5 pump impeller

6 turbine rotor

8 transmission input shaft

14 output shaft

15 speed sensor n_M

16 speed sensor n_T

18 electrohydraulic gearshift device (HSG)

20 electronic transmission control unit (EGS)

A shift element

F shift element

E frictionally engaging shift element

WK converter lock-up clutch

d section

e section

f section

i_ EDS_WK control current

i_ EDS_WK_F converter lock-up clutch fill current

M engine torque

n_AB output speed

n_M engine speed

n_T turbine speed

p_E clutch pressure of shift element E

p_WK converter lock-up clutch pressure

p_WK_F fill pressure

W intersection point

A_v speed ratio difference A_v=Iv_0-v_1|

v speed ratio n_T/n_M

v_0 speed ratio starting value

v_1 speed ratio threshold value

v=f (i_LEDS_WK) progression of the speed ratio over the
control current

The invention claimed is:

1. A method of determining characteristic values (i_ED-
S_WK_F) of a frictionally engaging converter lock-up clutch
(WK) of an automatic transmission (1), the automatic trans-
mission comprises an output shaft (14), a hydrodynamic star-
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tup element (4), the converter lock-up clutch (WK) and at
least one transmission shift element (A, F, E), the hydrody-
namic startup element (4) comprises a turbine rotor (6) and a
pump impeller (5), the pump impeller is connected, in a
rotationally fixed manner, to a drive motor (2), such that the
pump impeller (5) rotates at an engine speed (n_M), and the
turbine rotor (6) rotates at a turbine speed (n_T), a speed ratio
(v=n_T/n_M) is defined as a ratio of the turbine speed to the
engine speed, the speed ratio is changeable based on an oper-
ating state existing between the turbine speed (n_T) and the
engine speed (n_M), the converter lock-up clutch (WK) is
disposed between the pump impeller (5) and the turbine rotor
(6), the pump impeller (5) and the turbine rotor (6) are con-
nectable, via the converter lock-up clutch (WK), either in a
rotationally fixed manner or subject to slip depending on a
transfer capability of the converter lock-up clutch (7), the
transfer capability of the converter lock-up clutch (WK)
being changeable by controlling a gearshift device (18) with
an electrical control current (i_EDS_WK), for the converter
lock-up clutch (WK), a fill current value (i_EDS_WK_F)
existing at which the converter lock-up clutch (WK) starting
from a disengaged state transitions into a state of torque

transfer subject to slip, the method comprising the steps of:
initiating a control sequence, with an electronic transmis-
sion control unit, when the output shaft (14) is station-

ary;
continuously increasing the electrical control current, with
the electronic transmission control unit, to change the
speed ratio (v) of the turbine speed to the engine speed in
the control sequence; and

determining, with the electronic transmission control unit,

the fill current value (i_EDS_WK_F) from a progression
of the speed ratio (v) of the turbine speed to the engine
speed during the control sequence in conjunction with a
progression of the electrical control current (i_ED-
S_WK).

2. The method according to claim 1, further comprising the
step of connecting, via the at least one transmission shift
element, the turbine rotor (6) and the output shaft (14)
together in either a rotationally fixed manner or subject to
slip, depending on a transfer capability set at the at least one
frictionally engaging transmission shift element (E), the at
least one transmission shift element (E) is frictionally eng-
agable and disposed between the turbine rotor (6) and the
stationary output shaft (14).

3. The method according to claim 2, further comprising the
step of setting, with the electronic transmission control unit,
the transfer capability of the at least one frictionally engaging
transmission shift element (E), before initiating the control
sequence and with the converter lock-up clutch (WK) disen-
gaged, such that the turbine rotor (6) is connected to the
output shaft (14) subject to slip so that a defined starting value
(v_1) of the speed ratio is set for the control sequence.

4. The method according to claim 2, further comprising the
step of, during the control sequence, engaging the at least on
transmission shift element to connect the turbine rotor (6), in
a rotationally fixed manner, to the output shaft (14).

5. The method according to claim 4, further comprising the
step of changing the control current (i_EDS_WK), with the
electronic transmission control unit, until the transfer capa-
bility of the converter lock-up clutch (WK) increases so that
either the engine torque (M) or a parameter corresponding to
the engine torque changes.

6. The method according to claim 3, further comprising the
step of, atthe start of the control sequence, steadily increasing
the control current (i_EDS_WK), with the electronic trans-
mission control unit, to steadily increase the transfer capabil-
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ity of the converter lock-up clutch (WK) so that the speed
ratio (v) increases starting from the defined starting value
(v_1).

7. The method according to claim 6, further comprising the
step of defining, with the electronic transmission control unit,
the speed ratio as having a value of 1, and defining a threshold
value (v_0), as being between the defined starting value (v_1)
and the speed ratio (v), as a criterion for determining the fill
current value (i_EDS_WK_F), a value of the control current
(i_EDS_WK), which is set at a point in time in the control
sequence at which the speed ratio (v) corresponds to the
threshold value (v_0) passing through the same, corresponds
to the fill current value (i_ EDS_WK_F) to be determined.

8. The method according to claim 7, further comprising the
step of defining, with the electronic transmission control unit
a speed ratio difference (Av), between the starting value (v_1)
of'the speed ratio (v) and the threshold value (v_0), such that
the speed ratio difference (Av) is greater than tolerance-de-
pendent fluctuations of the starting value (v_1) of the speed
ratio (v) set as a constant before initiating the control
sequence.

9. The method according to claim 7, further comprising the
step of continuing the control sequence at least until the speed
ratio (v) attains a value of “1”.

10. The method according to claim 7, further comprising
the step of stopping the control sequence as soon as data for
determining the fill current value (i_EDS_WK_F) is known.

11. The method according to claim 1, further comprising
the step of changing, with the electronic transmission control
unit, the electrical control current (i_EDS_WK), to increase
the transfer capability of the converter lock-up clutch (WK),
so that the speed ratio (v) increase from a starting value (v_1),
and dividing a resulting progression of the speed ratio into
first and second progression sections, such that the first pro-
gression section is a constant progression of the speed ratio at
a value of the starting value (v_1) and is either approximated
or described by a first straight line, and the second progres-
sion section, temporally adjacent to the first progression sec-
tion, increases is either described or approximated by a sec-
ond straight line, and an intersection point of the first and the
second straight lines is calculated and coordinates thereof
specify the starting value (v_1) of the speed ratio (v) and the
fill current value (i_EDS_WK_F) to be determined.

12. The method according to claim 1, further comprising
the step of determining the fill current value i_EDS_WK_F)
of the converter lock-up clutch (WK) on an automatic trans-
mission installed in a vehicle.

13. A method of determining a fill current value of a fric-
tionally engagable converter lock-up clutch in an automatic
transmission of a motor vehicle and controlling a torque
transfer capability of the converter lock-up clutch, the motor
vehicle having a drive engine that is connected, via a drive
shaft, to a pump impeller of a hydrodynamic startup element
in a rotationally fixed manner such that the pump impeller
rotates at an engine speed, a turbine rotor of the hydrody-
namic startup element which rotates at a turbine speed is
rotationally fixed to a transmission input shaft, a converter
lock-up clutch is disposed between the pump impeller and the
turbine rotor and is controllable between a fully engaged
state, in which a speed ratio of the turbine speed to the engine
speed is at least substantially equal to 1, and a fully disen-
gaged state in which the converter lock-up clutch transmits no
rotation between the pump impeller and the turbine rotor, the
method comprising:

restricting rotation of an output shaft of the automatic

transmission;
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changing the torque transfer capability of the converter
lock-up clutch by controlling a gearshift device with an
electrical control current that is transmitted by an elec-
tronic transmission control device;

influencing the speed ratio by steadily increasing the elec-
trical control current with the electronic transmission
control device;

recording, in the electronic transmission control device,
variations of the speed ratio in relation to changes of the
electrical control current; and

determining the fill current value as a value of the electrical
control current transmitted to the gearshift device at
which the converter lock-up clutch transitions from the
fully disengaged state to an initial slip state at which the
converter lock-up clutch begins transmitting torque
between the pump impeller and the turbine rotor.
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